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® Propylene polymer composition. 

® The present invention relates to a propylene 
polymer composition comprising: 
65 to 95% by weight of a propylene homopolymer 
having (a) an intrinsic viscosity {[171 D of 0.5 to 3.5 
dl/g. (b) a xylene soluble content at ordinary tem- 
perature pes) of not more than 3% by weight and a 
difference (AhiD between (hi]) of xylene insoluble 
portion at the ordinary temperature and (hi]) of 

a xylene soluble portion at the ordinary temperature of 
not more than 0.5 dl/g, (c) anlsotactic pentad frac- 
^tion (IP) falling within -the range represented by the 
0j following equation: 
<OlPi-0.624hi] + 97.5. 

--^and (d) a crystallization temperature (Tc) failing with- 
^in the range represented by the following equation: 
COTcS-2.33hi] + 116.0; and 

q5 to 35% by weight of a propylene-ethylene random 
copolymer having (e) an intrinsic viscosity (hz]) of 
Q-less than 2.8 dl/g and (f) an ethylene content of 10 to 
^35% by weight. 



Moldings obtained from the composition of the 
present invention are good in luster and high in both 
impact resistance and stiffness, and can find various 
applications as moldings well balanced In physical 
properties. 
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PROPYLENE POLYMER COMPOSITION 



BACKGROUND OF THE INVENTION 

The present invention relates to a novel pro- 
pylene polymer composition useful for production 
of moldings. 

Isotactic polypropylene is used in a number of 
industrial fields because it is excellent in properties 
such as stiffness, heat resistance and surface luster 
and further is inexpensive. Isotactic polypropylene, 
however, is limited in its use because it is poor in 
impact strength and cannot be used in applications 
in which high mechanical impact is applied. 

As methods for improving impact resistance of 
polypropylene, for example, (1) a method in which 
polypropylene and polyethylene or an ethylene- 
propylene elastomer are mechanically blended, 
and (2) a method for an impact resistant poly- 
propylene composition usually called "block grade" 
in which propylene is first polymerized at the first 
step and at the second step, propylene and eth- 
ylene are copolymerized, are known. 

Particularly, In the method (2), compositions 
prepared by uniformly mixing the homo- 
polypropylene obtained at the first step with 
propylene-ethylene copolymers having various eth- 
ylene contents in various ratios have been pro- 
posed (Japanese Patent Publication No. 
1886/1964). 

These compositions, however, have a disad- 
vantage in that excellent surface luster characteris- 
tic of polypropylene is reduced, although they are 
all improved in impact resistance. In recent years, 
with an extension of applications of Impact resistant 
polypropylene, characteristics required for the poly- 
propylene have been changing. That is, not only 
impact strength and stiffness, but also appearance 
characteristics, e.g., surface luster of molding, have 
becoming more important. 

In recent years, a method in which at the first 
step, a small amount of ethylene is copolymerized 
for the purpose of improving physical properties of 
impact resistant polypropylene composition has 
been employed. In accordance with the above 
method, propylene and ethylene are copolymerized 
at the first step so that the ethylene content is 0.1 
to 10% by weight, and Vne copolymer thus ob- 
tained is mixed with a propylene-ethylene 
copolymer obtained at the second step so that the 
ethylene content is not less than 70% by weight 
(see Japanese Patent Application l-aid-Open No. 
25291/1972). The method is intended to improve 
weld strength at the time of molding. However, 
such high impact strength that is expected as a 
block copolymer cannot be obtained. Furthermore 
the method has. a disadvantage of decreasing stiff- 



ness of molding. 



SUMMARY OF THE INVENTION 

5 

An object of the present invention is to provide 
a propylene polymer composition which provides 
moldings excellent in luster, stiffness and impact 
resistance and thus which can be used in a wide 

10 variety of applications as a general-purpose resin. 

As a result of Investigations to develop an 
impact resistant polypropylene composition welt 
balanced in physical properties such as stiffness, 
impact strength and luster which is to be used in 

75 new applications, such as in production of car 
parts, home electric appliance parts, leisure parts 
and so forth and thus which can be used as a 
general-purpose resin, it has been found that the 
object can be attained by using a composition 

20 comprising polypropylene having specified phys- 
ical properties and a propylene-ethylene copolymer 
having specified physical properties. 

The present Invention relates to a propylene 
polymer composition comprising: 

25 65 to 95% by weight of a propylene homopolymer 
having: 

(a) an intrinsic viscosity, bi], of 0.5 to 3.5 

dl/g: 

(b) a xylene soluble content at the ordinary 
30 temperature, Xs, of not more than 3% by weight 

and a difference (AhiB between an intrinsic vis- 
cosity (hi]) of a xylene insoluble portion (at the 
ordinary temperature) and an intrinsic viscosity (- 
[tji ]) of a xylene soluble portion, i.e., Ahi ] = intrin- 
35 sic viscosity (hi]) of insoluble portion • intrinsic 
viscosity ([i^ ]) of soluble portion of not more than 
0.5 dl/g; 

(c) an isotactic pentad fraction. IP, falling 
within the range represented by the equation: 

40 IPS-0.624[jji] + 97.5; 

and (d) a crystallization temperature (Tc) fall- 
ing within the range represented by the following 
equation: 

Tc ^-2.33hi] + 116.0; 
45 and 

5 to 35% by weight of a propylene-ethylene ran- 
dom copolymer having: 

(e) an intrinsic viscosity, [r?2]. of less than 2.8 
dl/g; and 

so (f) an ethylene content of 10 to 35% by 

weight 



DETAILED DESCRIPTION OF THE INVENTION 



2 



3 



EP 0 316 693 A2 



4 



The propylene homopolymer to be used as the 
first component of the composition of the present 
invention is a propylene homopolymer character- 
ized by the following requirements (a) to (d). 

(a) The intrinsic viscosity, hi J, of the propylene 
homopolymer Is 0.5 to 3.5 dl/g, preferably 1 to 3 
dl/g, and more preferably 1.1 to 2.8 dl/g. If the 
intrinsic viscosity is more than 3.5 dl/g. fluidity at 
the time of melting is low. On the other hand, if it is 
less than 0.5 dl/g. the strength of the molding is 
decreased. 

(b) The xylene soluble content at the ordinary 
temperature (Xs) of the propylene homopolymer is 
not more than 3% by weight, preferably 2 to 0.1 % 
by weight, and more preferably 1.5 to 0.2% by 
weight 

The xylene soluble content at ordinary tem- 
perature as used herein is a value as measured by 
the following method: (i) 5 ± 0.5 g of a sample is 
completely dissolved in 700 ml of p-xylene, (ii) the 
resulting solution is cooled to ordinary temperature, 
(iii) the solution is filtered, and methanol is added 
to the separated solution to precipitate, iv) the 
filtration is again perfomned, and (v) the solids 
portion is dried at 100* C for 4 hours and weighed. 

If the xylene solution content at ordinary tem- 
perature of the propylene homopolymer is more 
than 3% by weight, all stiffness, heat resistance 
and hardness drop. 

In the propylene homopolymer of the present 
invention, ( = intrinsic viscosity hi] of xylene 
insoluble {ordinary temperature) portion - intrinsic 
viscosity hi] of xylene soluble (ordinary tempera- 
ture) portion) is not more than 0.5 dl/g, preferably 
0.4 to 0.1 dl/g. If Ahi] is more than 0.5 dl/g. both 
stiffness and heat resistance of the composition of 
the present Invention are decreased. 

The above intrinsic viscosity Is measured in a 
tetralin solution at a temperature of 135* C. 

(c) The isotactic pentad fraction (IP) of the 
propylene homopolymer of the present Invention is 
in the range represented by the equation: 
IPi-0.624hi] + 97.5. 

specially 

lPS-0.624hi] + 98.0. 

If the isotactic pentad fraction is outside the 
above specified range, stiffness and heat resis- 
tance are decreased. 

The isotactic pentad fraction as used herein 
means an isotactic fraction In the pentad unit as 
contained in the polypropylene chain as measured 
by tile method disclosed in Macromolecules, 6 925 
(1973) by A. Zambelli et al.. i.e.. tiie method using 
^3C-NMR. In other words, tiie isotactic pentad frac- 
tion is a fraction of propylene monomer units exist- 
ing in the center of the chain in which five pro- 
pylene monomer units are continuously linked to- 
gether in the meso bond. Assignment of peaks was 



made by the method described in Macromolecules, 

8 687 (1975), 

More specifically, the isotactic pentad unit is 

measured as an intensity fraction of mmmm peak 
5 In all absorption peaks in the methyl carbon region 

of ^3C-NMR spectrum. 

The value of the isotactic pentad fraction In the 

propylene homopolymer of the present invention is 

a value of the crystalline polypropylene obtained 
70 itself, but not tiiat of the polymer after extraction. 

fractionation and so forth. 

(d) The crystallization temperature Tc of the 

propylene homopolymer is within the range repre- 
sented by the equation: 
T5 Tck-2.33hi] + 116.0. 

specifically 

Tc^-2.33hi] + 117.0. 

In the present Invention, the crystallization tem- 
perature Tc was measured by the following meth- 
20 od. That is, 8 mg of a sample was raised in 
temperature from 50* C to 220* C at a temperature 
raising speed of 320*C/min by the use of a dif- 
ferential scanning calorimeter and then maintained 
at that temperature for 10 minutes, and lowered in 
25 temperature to 50 *C at a temperature lowering 
speed of 1 0 * C/min. 

In production of the propylene homopolymer as 
the first component for the composition of the 
present invention. It Is desirable to use a 
30 stereoregularity polymerization catalyst, particuiariy 
a catalyst having a large stereoregularity tendency. 

As such catalysts, for example, a catalyst con- 
taining (i) a reaction product of a magnesium com- 
pound and a titanium compound, (ii) an or- 
35 ganometallic compound, and (iii) an electron donat- 
ing compound as a component can be used. 

As the reaction product of a magnesium com- 
pound and a titanium compound (i)> ^ product 
obtained by contacting magnesium dlalkoxide re- 
40 presented by the general formula: 

Mg(0R^)2 (wherein is an aikyi group having 1 to 
20 Carlson atoms) with an electron donating com- 
pound and If necessary, further with a halogenation 
agent, and then reacting with a halogen-containing 
45 titanium compound represented by the general for- 
mula: Ti(OR2)nX^4^ (wherein n is 0 to less than 4. 

is a halogen atom, and R^ is an alkyi group 
having 1 to 20 carbon atoms) is preferably used. 

As the organometallic compound (ii), or- 
50 ganometallic compounds of aluminum, lithium, zinc 
and the like can be used. In particular, as the 
organoaluminum compound, an alkyl-aluminum 
compound represented by the general formula: 
AIR^mX^SHn (wherein R^ is an alkyI group having 1 
55 to 20 carbon atoms, is a halogen atom, and m is 
0 to not more than 3) is preferably used. 

As the electron donating compound (iii), or- 
ganic compounds containing oxygen, nitrogen, 
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phosphorus, sulfur or the like are usually used. 

More specifically, esters such as aromatic car- 
boxylic acid esters, oxygen-containing silicon com- 
pounds such as diphenyldiaikoxysilane, amines, 
amides, ketones, nitriles. phosphines. 
phosphoramldes, esters, thioethers, thioesters, acid 
anhydrides, acid halides. organic acids and the like 
can be used. 

In preparation of the reaction product of a 
magnesium compound and a titanium compound 
(i), magnesium dialkoxide and if necessary 0.01 to 
10 mol of a halogenation agent are added, and an 
electron donating compound is added in an amount 
of 0.01 to 10 mol per mol of magnesium and a 
halogen-containing titanium compound Is added in 
an amount of 1 to 50 mol per mol of magnesium, 
and they are reacted at a temperature of 0 to 
200* C for a time of 5 minutes to 10 hours. In this 
case, the reaction is preferably carried out repeat- 
edly twice or more times. The electron donating 
compound is chosen from the compounds listed as 
the electron donating compound (iii). 

In preparation of the catalyst, if necessary, an 
inert solvent e.g., hydrocarbons, can be used. 

By polymerizing propylene by the use of the 
magnesium compound/titanium compound reaction 
product (i) (solid component) which has been treat- 
ed with the organometallic compound 0') and fhe 
electron donating compound (iii) under suitable 
conditions, a high stereoregularity propylene homo- 
polymer can be obtained. 

In this case, as the propylene starting material, 
high purity propylene is preferably used to obtain 
the propylene homopolymer of the present inven- 
tion. 

Polymerization method and polymerization 
conditions are not critical. Polymerization can be 
carried out, continuously or batchwise, by solution 
polymerization, suspension polymerization, gas 
phase polymerization and so forth. 

In the case of the solution polymerization, the 
catalyst is used in such an amount that the con- 
centration of the above solid component (calculated 
as a titanium atom) is from 0.001 to 1 mmoi/l. 

The organometallic compound (ii) to be used 
as a catalyst component for production of the pro- 
pylene homopolymer to be used in the present 
invention can be used in the range of 1 to 1.000 
mol per mol of a titanium atom. 

The electron donating compound to be used as 
the component (iii) of the catalyst (which is added 
at the time of polymerization) can be used in an 
amount of 0.01 to 200 mol per mol of a titanium 
atom. 

In connection with polymerization conditions, 
the polymerization can be carried out at a pressure 
of from atmospheric pressure to 50 kg/cm^ and a 
temperature of from 30 to 200* C. 



Controlling the molecular weight can be carried 
out by known techniques utilizing hydrogen or a 
catalyst composition. 

The propylene homopolymer to be used in the 

s composition of the present invention can be pro- 
duced by a method as described above, that is. a 
known propylene polymerization method using a 
high stereoregularity catalyst, e.g., a method as 
described in, for example, Japanese Patent Ap- 

70 plication Laid-Open Nos. 63310/1982 and 
146905/1988. more specifically by applying gas 
polymerization and so forth under conditions which 
have been determined taking into consideration the 
characteristics required for the polymer of the 

IS present invention (requirements (a) to (d)). 

The propylene polymer composition of the 
present invention comprises a composition contain- 
ing the propylene homopolymer as obtained above 
and a propylene-ethylene random copolymer as 

20 the second component 

It Is necessary for the propylene-ethylene ran- 
dom copolymer to have an intrinsic viscosity of 
less than 2.8 dl/g, preferably 1 to 2.6 dl/g and more 
preferably 1.2 to 2.6 dl/g, and an ethylene content 

25 of 10 to 35% by weight, preferably 12 to 28% by 
w^iight. If the intrinsic viscosity is 2.8 dl/g or more, 
luster is decreased. If the ethylene content is less 
than 10% by weight impact resistance is de- 
creased. On the other hand, If it is more than 35% 

30 by weight luster is decreased. 

The propylene-ethylene random copolymer to 
be used as the second component in the present 
invention can be produced by copolymerizing pro- 
pylene and ethylene by the use of the similar 

35 catalyst as the stereoregularity polymerization cata- 
lyst used In production of the propylene homo- 
polymer as the first component under the similar 
polymerization conditions as in production of the 
propylene homopolymer as the first component. 

40 The propylene polymer composition to be used 

in the composition of the present invention can be 
obtained by compounding the first and second 
components previously prepared, in a predeter- 
mined ratio, and can be efficiently produced, for 

46 example, by blending in a polymerization vessel by 
the two stage polymerization method. 

In the first place, in the first stage polymeriza- 
tion vessel, the propylene homopolymer as the first 
component is produced by the above method. 

so Then, in the second stage polymerization vessel, 
ethylene and propylene are copoiymerized In the 
presence of the propylene homopolymer obtained 
at the first stage in such a manner that the intrinsic 
viscosity is within the above specified range, and 

55 the propylene homopolymer at the first stage (the 
first component) constitutes 65 to 95% by weight, 
preferably 70 to 93% by weight of the total poly- 
mer and the propylene-ethylene random copolymer 
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at the second stage (the second component) con- 
stitutes 5 to 35% tjy weight, preferably 7 to 30% 
by weight of the total polymer. 

Th© composition thus obtained can be used as 
a molding material by compounding various ad- 
ditives such as an antioxidant by the usual method 
and then pelletizing. 

Moldings obtained from the propylene polymer 
composition of the present invention are good in 
luster and high In both impact resistance and stiff- 
ness, and can find various applications as moldings 
well balanced in physical properties. 

The present Invention is described in greater 
detail with reference to the following examples. 



EXAIVIPLE 1 



(1) Preparation of Solid Catalyst Component 

In a 4-liter glass container the atmosphere of 
which had been replaced with argon. 40 g of 
diethoxymagnesium. 600 ml of n-heptan© and 40 
mmol of di-n-butyl phthalate were placed, and they 
were then stirred at room temperature for 30 min- 
utes. Then. 90 mmol of silicon tetrachloride was 
added to the solution as obtained above and stirred 
for one hour, and then 10 mol of titanium tetrachlo- 
ride was added and stirred at 110* C for 2 hours. 

The supernatant liquid was separated. After 
washing with hot n-heptane, 10 mol of titanium 
tetrachloride was added and stirred at 110* C for 2 
hours. By thoroughly washing with n-heptane, a 
solid catalyst component was obtained. 

The catalyst contained 2.2% by weight of Ti. 



(2) Polymerization 

In a 5-liter autoclave, after thoroughly replacing 
the atmosphere with nitrogen gas, 20 g of poly- 
propylene which had been dried was placed. Then, 
2.0 mmol of triethylaluminum, 0.1 mmol of 
diphenyidimethoxysilane and 0.01 mg (as titanium 
atom) of the above solid catalyst component were 
placed in the autoclave. Hydrogen and propylene 
were introduced, and the temperature and the pres- 
sure were increased to 70* C and 28 kg/cm^, re- 
spectively. Under these conditions, polymerization 
was carried out for two hours. 

After the polymerization at the first stage was 
completed, degassing was once conducted. Then, 
a mixed gas of ethylene and propylene, and hy- 
drogen were introduced. \/Vhile maintaining the 
pressure at a mixed gas pressure of 18 kg/cm^. the 
second stage polymerization was carried out at 
55 * C for two hours. 



After the completion of the second stage poly- 
merization, unreacted gases were removed to ob- 
tain a propylene polymer composition shown in 
Table 1. To the propylene polymer thus obtained, 
5 conventionally known additives were added and 
mixed, and the resulting mixture was palletized by 
the use of an extruder. 



70 EXAMPLES 2 TO 4. AND COMPARATIVE EXAM- 
PLES 1 TO 3 

In Example 1. conditions for th© first stage 
polymerization and/or conditions for the second 
15 stage polymerization were changed to obtain pro- 
pylene polymer compositions shown in Table 1 . 



COMPARATIVE EXAMPLE 4 



(1) Preparation of Solid Catalyst Component 

In a 500-millillter four-necked flask. 150 ml of 
26 dry n-heptane and 11.4 g (100 mmol) of magne- 
sium diethoxide were placed, and at room tempera- 
ture 1.45 ml (15 mmol) of carbon tetrachtoride and 
1.85 ml (6.2 mmol) of tetra-1-propoxytitanium were 
added. 

30 The temperature was raised to 60* C, and the 

reaction was carried out for 2 hours. 

The reaction product thus obtained was 
washed twice with 200 ml of dry n-heptane by the 
decantatlon method at room temperature. Then, 

35 100 ml of dry n-heptane and 4.1 ml (23 mmol) of 
n-butyl benzoate were added, and then 110 ml 
(1.000 mmol) of titanium tetrachloride was dropped. 
The reaction was cabled out at 108* C for two 
hours. At a temperature of 80 to 85* C. the super- 

40 natant liquid was withdrawn. Then, 200 ml of dry n- 
heptane was further added. The resulting mixture 
was stirred, allowed to stand, and the supernatant 
liquid was withdrawn. This procedure was repeated 
four times. Then, washing was performed twice at 

45 room temperature to obtain a solid catalyst compo- 
nent. The amount of titanium deposited as deter- 
mined by the colorimetric method was 30 mg-Ti/g- 
solid catalyst component. 

so 

(2) Polymerization 

A propylene polymer composition shown in 
Table 1 was obtained in the same manner as in 
55 Example 1 except that the above solid catalyst 
component was used as the solid catalyst compo- 
nent. 

Moldings of the above compositions were mea- 
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sured for luster, impact strength and stiffness 
(modulus In flexture). The results are shown in 
Table 1. 
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Claims 

5 

1. A propylene polymer composition compris- 
ing: 

65 to 95% by weight of a propylene homopolymer 
having (a) an intrinsic viscosity of 0.5 to 3.5 
dl/g, (b) a xylene soluble content at ordinary tern- ;o 
perature (Xs) of not more than 3% by weight, and a 
difference (Ahi]) between an intrinsic viscosity (- 
[ni]) of xylene insoluble portion at the ordinary 
temperature and an intrinsic viscosity {[nil) of xy- 
lene soluble portion at the ordinary temperature of is 
not more than 0,5 di/g, (c) an isotactic pentad 
fraction (IP) falling within the range represented by 
the following equation: 
\P^•0.6^A{J,^] + 97.5. 

and (d) a crystallization temperature (Tc) falling 20 
within the range represented by the following equa- 
tion: 

Tc S -2.33hi] + 116.0; and 

5 to 35% by weight of a propylene-ethylene ran- 
dom copolymer having (e) an intrinsic viscosity (- 25 
fcl) of less than 2.8 dl/g and (f) an ethylene 
content of 10 to 35% by weight 

2. The composition as claimed in Claim 1, 
wherein the intrinsic viscosity hi] of the propylene 
homopolymer is 1 to 3 dl/g. so 

3. The composition as claimed in Claim 1. 
wherein the xylene soluble content at the ordinary 
temperature (Xs) of the propylene homopolymer is 
2 to 0.1% by weight 

4. The composition as claimed in Claim 1. 3S 
wherein the difference {A[jii]) between the intrinsic 
viscosity ([ill]) of xylene insoluble portion at the 
ordinary temperature and the intrinsic viscosity (- 

hi ]) of xylene soluble portion at the ordinary tem- 
perature is 0.4 to 0.1 dl/g. 40 

5. The composition as claimed in Claim 1* 
wherein the isotactic pentad fraction (IP) is in the 
range represented by the following equation: 
IP2:-0.624[i7i] + 98.0. 

6. The composition as claimed in Claim 1. 4S 
wherein the crystallization temperature (Tc) is in 

the range represented by the following equation: 
TcS-2.33[7;il + 117.0. 

7. The composition as claimed in Claim 1, 
wherein the intrinsic viscosity {[^2]) of the so 
propylene-ethylene random copolymer is 1 to 2.6 

dl/g. 

8. The composition as claimed in Claim 1. 
wherein the ethylene content of the propylene- 
ethylene copolymer is 12 to 28% by weight 65 
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@ Propylene polymer composition. 



@ The present invention relates to a propylene 
polymer composition comprising: 
65 to 95% by weight of a propylene homopolymer 
having (a) an intrinsic viscosity ([m]) of 0.5 to 3.5 
dl/g, (b) a xylene soluble content at ordinary tem- 
perature (Xs) of not more than 3% by weight, and a 
difference (A^i]) between ([t;i]) of xylene insoluble 
portion at the ordinary tempera ture and ([171]) of 
to xylene soluble portion at the ordinary temperature of 
^ not more than 0.5 dl/g, (c) an isotactic pentad frac- 
^ tion (IP) falling within the range represented by the 
0> following equation: 
CO IP ^ -0.624[i,i] + 97.5, 

^ and (d) a crystallization temperature (Tc) falling with- 
^ in the range represented by the following equation: 
CO TcZ -2.33hi] + 116.0; and 

Q 5 to 35% by weight of a propylene-ethylene random 
CO polymer having (e) an intrinsic viscosity {[rj2]) of 

iTi less than 2.8 dl/g and (f) an ethylene content of 10 to 
35% by weight. 

Moldings obtained from the composition of the 



present invention are good in luster and high in both 
impact resist ance and stiffness, and can find var- 
ious applications as moldings well balanced in phys- 
ical properties. 
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